Abstract. Coagulative and fibrinolytic disorders appear to be associated with the development of lung cancer. The aim of the present study was to determine plasma levels of von Willebrand factor (VWF) and a disintegrin and metalloproteinase with a thrombospondin type 1 motif 13 (ADAMTS-13), and factor VIII (FVIII) activity, in association with O and non-O blood groups in patients with lung cancer. Plasma levels of VWF and ADAMTS-13, and FVIII activity were measured in 115 patients with lung cancer and 98 healthy subjects. Phenotyping of the ABO blood groups was also performed for the two groups. Significantly increased VWF levels and FVIII activity, as well as significantly decreased ADAMTS-13 levels, were observed in patients with distant metastasis as compared with those without distant metastasis and the healthy controls. Plasma VWF levels and FVIII activity were significantly increased in subjects with non-O type blood compared with those with type O blood in the two groups. However, a significant decrease in ADAMTS-13 levels was observed only in the control group among those with non-O type blood, compared with those with type O blood. The results of the present study indicate that increased VWF and decreased ADAMTS-13 levels facilitate the invasiveness and metastasis of lung cancer. Non-O blood groups constitute a risk factor for increased VWF and FVIII in plasma. Continued monitoring of VWF and ADAMTS-13 levels, and of FVIII activity in patients with lung cancer with distinct blood groups may help to minimize the incidence of thrombotic events and improve assessment of disease progression.
Introduction
Lung cancer, which is characterized by subclinical activation of blood coagulation and fibrinolysis from the early clinical stages of disease, is the most common cause of cancer-associated mortality worldwide (1) . Significant increases in the blood concentrations of thrombin-antithrombin III complexes, fibrinogen and D-dimer have been reported in patients with lung cancer exhibiting extensive or limited disease. The extent of such activation of these markers has also been associated with tumor stage and prognosis (2, 3) . However, the origin of the activation of the coagulative-fibrinolytic system in lung cancer remains incompletely understood.
Von Willebrand factor (vWF) is a multimeric glycoprotein produced by the vascular endothelium and megakaryocytes that is crucial for hemostasis, and functions as a carrier protein for factor VIII (FVIII) and as a bridge between the subendothelial matrix and platelets (4) . The distinctive properties of the distinct molecular masses of VWF influence its ability to mediate platelet adhesion and aggregation (5) . Unusually large multimers stored in and released from Weibel-Palade bodies in stimulated vascular endothelial cells are the hemostatically active form of VWF (6) . A disintegrin and metalloproteinase with a thrombospondin type 1 motif13 (ADAMTS-13), formerly known as VWF cleavage protease, is a metalloprotease that specifically cleaves the multimeric VWF into smaller fragments between Tyr 1605 and Met 1606 within the VWF A2 domain (7) . The cellular origin of the ADAMTS-13 antigen in plasma has been described in platelets, and in hepatic, renal and endothelial cells. Deficiency of ADAMTS-13 activity results in an increase in circulating large VWF multimers (8) .
An association between the ABO blood group and blood coagulation was recognized several years previously. Non-O blood type has been associated with a significantly increased risk of venous and arterial thromboembolic disease, including deep vein thrombosis, pulmonary embolism, ischemic heart disease and peripheral vascular disease (9) . The plasma levels of two coagulation glycoproteins, VWF and FVIII, have been demonstrated as the basis of this association between the ABO blood group and blood coagulation (10) . Individuals with type O blood have significantly decreased plasma levels of VWF and FVIII, compared with those with non-O blood types (A, B and AB) (11) . In total, ~66% of the variations in VWF Association of ABO blood groups with von Willebrand factor, factor VIII and ADAMTS-13 in patients with lung cancer plasma levels are associated with mutations, and 30% of these are associated with the effect of the ABO blood group (10) . Increased levels of VWF and FVIII and impaired activity of ADAMTS-13 have been demonstrated in patients with metastasizing and malignant tumors (12) . The majority of studies have not focused on the levels of VWF, FVIII and ADAMTS-13 in patients with lung cancer; however, Martini et al (13) reported that VWF antigen levels are not substantially altered in patients with non-small cell lung cancer. However, the imbalance in the distribution of O and non-O blood types between patients and healthy controls in that study may have influenced the results. Therefore, the aim of the present study was to identify possible associations between ABO blood group types and plasma levels of VWF and ADAMTS-13, and FVIII activity in patients with lung cancer in order to improve the characterization of potential links between blood type and coagulative activation in lung cancer.
Materials and methods
Patients. The present cross-sectional study included 115 patients with histologically confirmed lung carcinoma who visited the First Affiliated Hospital of Zhejiang University School of Medicine (Hangzhou, China) between March 2013 and May 2014, and 98 age-and gender-matched healthy controls selected from individuals who underwent routine health examinations at the Health Center of the First Affiliated Hospital. A pathological diagnosis of lung cancer was derived from biopsy or cytological specimens collected at bronchoscopy or transthoracic needle aspiration, or from surgical specimens. Disease in all patients wasclassified according to the revised World Health Organization classification of lung tumors and staged according to the revised tumor-node-metastasis staging system for lung cancer (14, 15) . Patient characteristics are presented in Table I .
All subjects enrolled in the present study had normal liver, renal and cardiac function. The exclusion criteria included a history of chronic hypertension, diabetes, renal, hepatic, cardiovascular and autoimmune diseases, anticoagulant or corticosteroid use, arterial or venous thrombosis, renal transplantation, human immunodeficiency virus infection and pregnancy. The present study was performed in accordance with the principles embodied in the Declaration of Helsinki and was approved by the Institutional Research Ethics Committee of the First Affiliated Hospital of Zhejiang University. Written informed consent was obtained from all participants.
Sample collection. Venous blood samples were collected from all participants into 3 tubes early in the morning following overnight fasting at the time of clinical diagnosis and prior to any treatment. A tube containing 0.109 M trisodium citrate (9:1, v/v) was used for measuring the plasma levels of D-dimer, fibrinogen, VWF and ADAMTS-13, as well as FVIII activity. Plasma was obtained by immediately centrifuging the blood in a refrigerated centrifuge at 1,500 x g for 15 min. A second tube coated with EDTA (2.4 mg/2 ml venous blood) was used for immediate classification of the ABO blood group, and for determination of the hemoglobin concentration and platelet count. Blood was also collected in a third tube without any anticoagulant and was allowed to clot for the isolation of serum following centrifugation at 1,500 x g for 10 min at 4˚C. All plasma and serum samples were divided into 1 ml aliquots and stored at -80˚C until evaluation.
Assays. Phenotyping of the ABO blood groups was performed using a Galileo blood group analyzer (Immucor, Inc., Norcross, GA, USA), with anti-A and anti-B blood grouping reagents and reference cells A 1 , A 2 , B and O (Immucor, Inc.). Serum levels of lactate dehydrogenase (LDH) were determined using a Hitachi 7600 automated biochemistry analyzer (Hitachi, Ltd., Tokyo, Japan) with an International Federation of Clinical Chemistry method (Roche Diagnostics GmbH, Mannheim, Germany) according to the manufacturer's protocol (16) . Serum levels of carcinoembryonic antigen (CEA) were measured using a chemiluminescent microparticle immunoassay with the ARCHITECT i2000SR system (Abbott Laboratories, Abbott Park, IL, USA). Plasma levels of fibrinogen (Clauss method) (17) , D-dimer (immunoturbidimetric method) (18) and FVIII activity (coagulation method) (19) were measured using the Sysmex CS-5100 coagulation analyzer (Sysmex Corporation, Kobe, Japan), with the Dade ® Thrombin reagent, INNOVANCE ® D-Dimer and Coagulation Factor VIII Deficient Plasma (all from Siemens AG, Munich, Germany), respectively. Plasma levels of VWF and ADAMTS-13 were measured using the vWF ELISA kit and ADAMTS-13 ELISA kit (R&D Systems, Inc., Minneapolis, MN, USA), according to the manufacturer's protocol.
Statistical analysis. All statistical analyses were performed using SPSS for Windows software (version 16.0 J; SPSS, Inc., Chicago, IL, USA). Shapiro-Wilk tests were used to determine whether variables were normally distributed. Continuous variables are expressed as the mean ± standard deviation, or as the median and the 25-75th percentiles.
Comparisons of results between two groups were made using the Student's t-test or Mann-Whitney U test, where appropriate. Non-parametric χ 2 tests were used to compare categorical variables. P<0.05 was considered to indicate a statistically significant difference. Table I summarizes the clinical characteristics of the 213 subjects enrolled in the present study. No significant differences in age, gender, systolic blood pressure (SBP), diastolic blood pressure (DBP) or smoking status between patients with lung cancer and healthy controls were identified. However, body mass index (BMI) was significantly decreased in patients with lung cancer (P= 0.024). Baseline histopathological characteristics and lung cancer stages are also presented in Table I (Table I) . Subjects with type A, B and AB blood were pooled into the non-O group. No significant difference in the frequency of blood type between the two groups was identified (Table I) .
Results

Patient characteristics.
Hemostatic parameters. Hemostatic data are summarized in Table II . The platelet count and serum levels of hemoglobin, LDH, CEA, D-dimer, fibrinogen and VWF, and FVIII activity were significantly increased in all patients with lung cancer, compared with in healthy controls (P<0.05), whereas a significant decrease in ADAMTS-13 levels was observed in all patients with lung cancer, compared with the healthy controls (P= 0.011). Similarly, regardless of the presence of distant metastasis, patients with lung cancer also exhibited increased plasma levels of hemoglobin, LDH, CEA, D-dimer, fibrinogen and VWF, and FVIII activity when compared with healthy controls (P<0.05). However, a significant increase in platelet count and a significant decrease in ADAMTS-13 levels were only observed in patients with lung cancer exhibiting distant metastasis, as compared with healthy controls (P<0.05). Levels of hemostatic parameters were further compared between patients with and without distant metastasis, which demonstrated significant increases in plasma levels of LDH, CEA, D-dimer and VWF, and in FVIII activity, and a significant decrease in plasma levels of ADAMTS-13 (Table II) .
Correlation between hemostatic parameters and ABO blood groups. All subjects in the two groups were categorized as either type O or non-O blood groups to compare the clinical characteristics and levels of hemostatic parameters. As presented in Table III , no significant differences in age, gender, BMI, SBP, DBP and smoking status between individuals in the type O or non-O blood groups among patients with lung cancer and the healthy controls were identified. Similarly, no significant difference in the distribution of patients with distant metastasis between the type O and non-O blood groups was identified. Regarding hemostatic parameters, patients with lung cancer from the non-O blood group demonstrated a significant increase in VWF plasma levels (P=0.022) and FVIII activity (P= 0.014), compared with those in the type O blood group. A significant increase was identified in plasma levels of fibrinogen (P=0.004; Table III) Table II . Levels of hemostatic parameters in patients with lung cancer and healthy controls. Fig. 1C ). No significant differences were observed in platelet counts or serum levels of hemoglobin, LDH, CEA and D-dimer between the groups.
Patients with lung cancer -----------------------------------------------------------------------------------------------------------------------------------------
Discussion
Hemostatic abnormalities are present in ~50% of patients with cancer and >90% of those with metastatic disease (20) . The results of the present study identified significantly increased plasma levels of hemoglobin, LDH, CEA, D-dimer, fibrinogen and VWF, and FVIII activity, in patients with lung cancer, regardless of the presence or absence of distant metastasis. These results confirmed an association between the activation of blood coagulation and fibrinolysis, and lung cancer, even though the underlying molecular mechanisms for this association remain incompletely understood. Additionally, significant differences in the plasma levels of LDH, CEA, D-dimer, VWF and ADAMTS-13, and FVIII activity were observed between patients with and without distant metastasis. These results are in agreement with those of previous studies, which demonstrated an increased tendency for the development of coagulative and fibrinolytic disorders in patients with metastatic diseases (3, 21) . Furthermore, these results are similar to the observations of Oleksowicz et al (22) , who identified increased VWF levels and ADAMTS-13 deficiencies in patients with metastatic tumors. Nevertheless, the results of the present study are in contrast with the results obtained by Martini et al (13) , who identified a similar distribution of VWF between patients with lung cancer and control subjects. The ABO blood group is a major determinant of plasma VWF levels resulting in significantly decreased plasma levels in individuals with type O blood, as compared with those with non-O blood types (11) . By contrast with the matched age and gender, and similar distribution of blood groups between cases and controls, as well as the strict inclusion and exclusion criteria of the subjects in the present study, the imbalance in the distribution of blood groups between cases and controls in the study by Martini et al (13) may explain the lack of differences in plasma VWF concentrations between the two groups. Although the biological significance of hemostatic abnormalities in cancer remains unclear, evidence indicates that activation of the coagulative-fibrinolytic system by neoplastic cells may facilitate invasiveness and metastases (1) . Indeed, elevated fibrinogen and D-dimer levels have been associated with unresponsiveness to treatment and unfavorable prognosis in patients with lung cancer (23) . VWF is secreted from endothelial cells and readily degraded into small multimeric forms, which are more rapidly cleared from the circulation compared with the large multimeric forms. However, only the large multimeric forms of VWF are hemostatically active in the mediation of platelet adhesion to cancer cells (6) . As ADAMTS-13 appears to be the most important protease that degrades VWF, ADAMTS-13 deficiency in patients with lung cancer may account for the appearance of large VWF multimers and increased VWF levels in circulating blood that may enhance tumor-induced platelet aggregation, resulting in thrombus formation and metastatic progression (24) . Oleksowicz et al (22) demonstrated that platelet immunerelated glycoprotein Iba (GPIba) receptors may be expressed on the membrane of cancer cells with a particular affinity for large VWF multimers. The binding of GPIba receptors to large VWF multimers leads to the formation of platelet-cancer cell aggregates that allow the migration of cancer cells through vessel walls and the formation of novel sites of metastasis (25) . However, the underlying molecular mechanism for ADAMTS-13 deficiency in cancer dissemination remains unclear. Therefore, stringent studies are required in order to establish a causal association between ADAMTS-13 deficiency and malignancy and/or metastasis. Blood group antigens are chemical components on the erythrocyte membrane, but are also expressed on the surfaces of cancer cells. Alterations in blood group antigens may lead to alterations in the interactions between cells or cells and the extracellular matrix. These alterations are hypothesized to be important for the development of certain malignancies (26, 27) . However, data concerning the role of ABO blood groups in lung cancer are limited and inconsistent (28) (29) (30) . In the present study, no significant difference was observed between patients with lung cancer and healthy controls in terms of the distribution of ABO blood types, which is similar to the study by Oguz et al (28) , but different from that of Urun et al (29) , who identified an association between non-O blood types and an increased risk of lung cancer. This discrepancy may be due to differences in ethnicity, genetic variants, environmental factors and lifestyle factors among populations; therefore, inconsistent results may be obtained from varying genetic backgrounds and ethnicities (30) . Linkage disequilibrium between ABO blood group genes and cancer-associated genes may influence cancer risk (29) . Additionally, blood type may affect lifestyle, which was demonstrated to be associated with the incidence and mortality of lung cancer (31) .
Patients with lung cancer Healthy controls ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
The ABO blood group has been associated with the development of venous thrombosis, coronary heart disease and ischemic stroke, since they are important determinants of VWF and FVIII plasma levels (11) . It has been suggested that the carbohydrate moiety (ABH-bearing structures of VWF), similar to the blood group antigens A, B and H (O), protects VWF from proteolytic degradation by ADAMTS-13 and may affect VWF function and, indirectly, FVIII levels (32) . Bowen (33) demonstrated that proteolysis of VWF by ADAMTS-13 appears to be more rapid in patients with type O blood, compared with that in individuals with non-O blood types. The carbohydrate moiety also serves an important role in VWF polymerization and function, and affects the liver-mediated clearance of VWF (34) . In addition, the ABO blood group locus on chromosome 9q34 is the most important genetic determinant of plasma levels of the VWF-FVIII complex (6) . As VWF serves an important role as a carrier protein for FVIII, preventing its clearance from plasma, the majority of the effects of blood type on FVIII plasma levels are mediated by VWF (10) . Additionally, several other factors, including fibrinogen, triacylglycerols, and genetic or acquired factors involved in the biosynthesis or clearance of VWF and FVIII, are also associated with increased plasma levels of FVIII (35) . In the present study, FVIII activity and plasma levels of VWF were significantly increased in healthy controls with non-O blood types, compared with those with type O blood, which is in agreement with previously published data (10, 11) . Similar results for FVIII activity and VWF levels were also observed in patients with lung cancer. As patients with distant metastasis have increased levels of VWF and FVIII, one would expect to observe an increased frequency of distant metastasis in patients with lung cancer with non-O type blood. However, no significant differences were observed in the frequencies of distant metastasis between the type O and non-O blood groups. Notably, decreased ADAMTS-13 levels were observed among those with non-O blood groups only in healthy controls, similar to a previous study that observed ADAMTS-13 levels were increased by ~10% in individuals with type O blood, as compared with those with non-O type blood (36) . Furthermore, the results of the present study indicated that plasma fibrinogen levels were significantly increased in healthy controls with non-O type blood, compared with in those with type O blood. However, no association of type O and non-O blood groups with fibrinogen and ADAMTS-13 levels was observed in patients with lung cancer. The small sample size of the present study may have led to insufficient statistical power. Another possible explanation for this result is that the state of hypercoagulability or acute inflammatory responses in patients with lung cancer may have surpassed the physiological influence determined by the ABO blood groups and subsequently masked the effect of blood type in this condition. These data confirm the presence of complicated alterations in the coagulative-fibrinolytic system in lung cancer, with a number of factors acting in concert.
The present study has a number of limitations that require addressing. First, the number of participants was small. However, to the best of our knowledge, the present study is the first to identify an association between ABO blood group and plasma levels of VWF and ADAMTS-13, and FVIII activity in patients with lung cancer. Secondly, ADAMTS-13 appears to be the most important protease that degrades VWF, whereas several proteases from granulocytes and platelets, which have also been demonstrated to degrade large VWF multimers in vitro, were not detected. Thirdly, measurement of the VWF antigen was insufficient to acquire specific information regarding circulating VWF molecular species, including the VWF propeptide and VWF multimers. Therefore, further studies are required to assess VWF propeptides, multimers and activity levels to reveal the imbalance between VWF secretion and ADAMTS-13 levels in patients with lung cancer.
The results of the present study demonstrated increased VWF levels and FVIII activity in patients with lung cancer with or without distant metastasis, whereas decreased ADAMTS-13 levels were observed in patients with disseminated tumors. Non-O blood groups constitute a risk factor for elevated plasma levels of FVIII and VWF activity in patients with lung cancer. It is reasonable to carefully monitor patients with lung cancer with non-O blood types to minimize the risk of thrombotic events. Furthermore, future studies are required to investigate potential associations between plasma VWF and ADAMTS-13 levels, and FVIII activity and outcomes of the patients with lung cancer with different ABO blood types.
